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ditional	microbiology	methods,	 extraction	 of	 bacterial	 DNA	 directly	









The	 DNA	 extraction	 protocol	 can	 be	 crucial	 when	 attempting	
to	 isolate	 the	 most	 representative	 environmental	 DNA	 sample.	
It	 has	 been	 shown	 that	 due	 to	 differences	 in	 the	 bacterial	 cell	wall	
and	membrane	 structures,	 the	 effectiveness	 of	DNA	extraction	 can	
depend	 on	 the	 procedure	 used	 (Carrigg,	 Rice,	 Kavanagh,	 Collins,	 &	




















instead	of	 traditional	 extraction	protocols.	This	 aspect	 is	 important,	
especially	when	the	goal	of	a	study	is	to	track	differences	across	envi-
ronments,	treatments,	or	timescales	(Morgan,	Darling,	&	Eisen,	2010).
Most	 of	 the	 commercial	 DNA	 extraction	 kits	 are	 based	 on	 di-
rect	extraction	methods	and	 their	components	are	 the	 trade	secret.	
Different	 procedures	 and	 buffers	 used	 for	 the	 DNA	 extraction	 and	










as	well	manual	 protocols	 and	 commercial	 kits.	 In	 order	 to	 compare	
microbial	 community	 structure,	 investigated	with	 the	 use	 of	 differ-
ent	extraction	methods,	authors	used	different	microbial	community	















bacterial	 community.	 Feinstein,	 Sul,	 and	Blackwood	 (2009)	with	 the	










views	of	 the	 true	soil	biodiversity,	 thus	using	multiple	metagenomic	
methods	offer	more	complete	view.	Additionally,	Morgan	et	al.	(2010)	
by	creating	and	 testing	 in	vitro-	simulated	microbial	 community	 sug-
gested	using	multiple	DNA	extraction	procedures	with	a	single	envi-
ronmental	 sample	 in	 order	 to	 increase	 the	 likelihood	 of	 discovering	
every	organism	 in	 the	 tested	 sample.	Authors,	with	 the	 simple	 test,	
demonstrated	that	two	libraries	created	from	a	single	mixture	of	or-
ganisms,	 prepared	 with	 DNA	 extracted	 by	 different	 protocols,	 can	














Next	Generation	Sequencing	 (NGS)	 libraries	 created	based	on	DNA	
isolated	with	 the	 use	 of	 different	 extraction	 kits	will	 produce	 reads	
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The	 soil	 sample	 was	 collected	 after	 ground	 vegetation	 removal	
from	an	area	covering	one	square	meter,	with	the	use	of	Eijkelkamp	


























To	 avoid	 cross	 contamination	 of	 the	 samples,	 the	 process	 was	
performed	with	 sterile	 equipment.	 The	 quantity	 and	 quality	 of	 the	










ion	of	 the	user.	After	 extraction,	 the	DNA	was	 stored	 at	 −20°C	 for	
further	use.
2.3 | 16S rDNA amplification and sequencing
The	V3-	V4	hypervariable	regions	of	bacterial	16S	rDNA	were	ampli-
fied	using	the	following	primer	set:	341F	-	CCTACGGGNGGCWGCAG	
and	 785R	 -	 GACTACHVGGGTATCTAATCC.	 The	 targeted	 gene	
region	has	been	shown	 to	be	 the	most	appropriate	 for	 the	 Illumina	










2.4 | Sequencing data analysis and statistical analysis
Samples	were	processed	and	analyzed	using	the	Quantitative	Insights	













data	 for	 downstream	 analyses	 (McDonald	 et	al.,	 2012)	 and	 vsearch	
1.7.0	 (VSEARCH	 GitHub	 website:	 https://github.com/torognes/
vsearch)	as	OSS	replacement	of	usearch	6.1.	Based	on	clusters,	 the	
diversity	 indices	were	 estimated,	 including	 the	Chao1,	 PD	 (a	 quan-




Knight,	 2013).	 For	 OTU	 frequency	 comparison,	 the	 Kruskal–Wallis	
one-	way	analysis	of	variance	was	performed,	with	p-	value	estimated	
using	the	Fisher	Z	transformation	based	on	metadata	associations	–	




3.1 | Evaluation of DNA extraction kits
For	all	tested	DNA	extraction	kits,	the	amount	and	quality	of	the	ob-
tained	DNA	was	 established	 and	 is	 presented	 in	 Table	1.	We	were	
able	to	extract	the	highest	amount	of	good	quality	DNA	with	Kit	C7,	
but	 standard	 deviations	 counted	 from	extraction	 repeats	were	 also	
very	high.	On	the	other	hand,	we	were	able	to	extract	a	large	amount	
of	 good	 quality	 DNA	with	 reproducible	 results	when	 using	 Kit	 C5.	
None	of	the	DNA	samples	had	brownish	color,	characteristic	of	the	
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presence	of	humic	acids.	In	all	extraction	methods	tested,	there	were	




































The	 most	 abundant	 phyla	 across	 all	 tested	 DNA	 extraction	 kits	
were	Proteobacteria,	Acidobacteria,	 and	Actinobacteria	 (Figure	3,	Table	
S2,	 Figure	S2).	Those	phyla	 jointly	 accounted	 for	more	 than	71.08%	
(C1)	 to	 86.21%	 (C4)	 of	 the	 total	 microbial	 sequences	 obtained.	
Separately,	Proteobacteria	comprised	on	average	44.65%,	in	the	range	
from	 28.15%	 (C1)	 to	 65.44%	 (C8),	 Actinobacteria	 comprised	 on	 av-
erage	 25.76%,	 in	 the	 range	 from	 11.89%	 (C8)	 to	 42,93%	 (C1),	 and	
Acidobacteria	 comprised	on	average	8.13%,	 in	 the	 range	 from	0.01%	
(C1)	 to	 12.29%	 (C6.2)	 of	 the	 total	 reads	 (Figure	3).	 The	 remaining	
reads	 in	 the	 population	 structure	 were	 associated	 with:	 Chloroflexi,	
Gemmatimonadetes,	 Planctomycetes,	 Bacterioidetes,	 Verrucomicrobia,	
Firmicutes,	 Cyanobacteria,	 TM7,	 Armatinonadetes,	 WC7-	2,	 TM6,	
Nitrospirae,	OD1,	Chlorobi,	Crenarchaeota,	Elusimicrobia,	Fibrobacteres,	
FBP,	 MVP-	21,	 Tenericutes,	 WS2,	 [Thermi],	 AD3,	 Chlamydiae,	 BRC1,	
OP11,	 Spirochaetes,	 Fusubacteria,	 Euryarchaeota,	 and	 FCPU426,	with	
different	contribution	to	the	population	(Figure	3,	Figure	S1,	Table	S2).	
For	each	of	the	tested	extraction	kit,	at	least	10	phyla	(up	to	12)	were	
responsible	 for	 more	 than	 99.0%	 of	 the	 total	 microbial	 population.	




The	 Kruskla–Wallis	 test	 and	 p-	value,	 at	 the	 phylum	 level,	 indi-
cated	 a	 significant	 difference	 between	 extraction	 kits	 for	 24	 out	
of	 32	 analyzed	 phyla	 (Table	 S3).	 No	 significant	 differences	 were	
found	 for	 Fibrobacteres,	 Cyanobacteria,	 AD3,	 Fusobacteria,	 [Thermi],	















μg of DNA per 1 g of 
soil 260/280 260/230
C1 1.01 ± 0.72 1.24	±	0.97 0.48	±	0.12
C2 1.84	±	0.52 1.81	±	0.39 0.07 ± 0.05
C3 3.52 ± 3.26 1.62 ± 0.24 0.29	±	0.17
C4 0.63 ± 0.42 1.41 ± 0.34 0.43 ± 0.07
C5 3.20 ± 0.77 2.30 ± 0.46 0.03 ± 0.01
C6 1.99	±	0.89 1.69	±	0.18 0.47 ± 0.20
C7 6.00	±	6.09 1.42 ± 0.24 0.63 ± 0.11
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the	 range	 from	3.51%	 (C2)	 to	 13.73%	 (C1).	 For	Betaproteobacteria 
and	Deltaproteobacteria,	 the	 differences	 are	 not	 so	 divergent,	 i.e.,	
they	were	on	average	3.80%,	in	the	range	from	1.74%	(C8)	to	5.75%	
(C7),	and	on	average	1.19%	in	the	range	of	less	than	0.01%	(C1)	to	





kits,	 its	contribution	 is	around	3%	and	for	the	C1	kit	 it	 is	 less	than	
0.01%,	for	C4	it	is	0.53%,	and	for	C8	it	is	equivalent	to	0.57%	of	the	
total	 population.	When	analyzing	Actinobacteria,	 the	Actinobacteria 
class	constitutes	on	average	16.04%,	in	the	range	from	7.59%	(C8)	to	






















division;	 in	each	 replicate	 they	contribute	accordingly:	1.46%,	5.37%,	
and	2.71%.
4  | DISCUSSION






when	 using	 different	 extraction	 procedures,	 varied	 amounts	 and	
quality	of	the	DNA	may	be	obtained	(Gabor	et	al.,	2003;	Islam	et	al.,	
2012;	Krsek	&	Wellington,	1999;	Robe	et	al.,	2003),	as	different	soil	
microorganisms	 have	 different	 susceptibilities	 to	 various	 cell	 lysis	
methods	(Daniel,	2005).	On	the	other	hand,	even	if	the	DNA	is	re-






level	 of	 purity,	 but	 in	 every	 case	 the	 PCR	 reaction	 could	 be	 per-
formed	and	there	was	no	brownish	color,	characteristic	of	the	pres-
ence	of	humic	acids.
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16S	Metagenomic	 Sequencing	 Protocol.	Also,	 in	 each	 analysis	we	

























with	 the	use	of	 direct	 extraction	methods,	 the	 isolated	DNA	better	











found	 in	 the	 spectrum	of	 bacterial	 diversity.	Nevertheless,	Courtois	

































must	be	 fulfilled:	 (1)	 a	 relatively	 large	 amount	of	 good	quality	DNA	
must	 be	 obtained,	 enabling	 enzymatic	 reactions	 and	metagenomics	
sequencing;	(2)	a	large	amount	of	good	quality	reads	must	be	obtained,	
which	yields	 the	 same	population	 structure	between	 the	extraction	
replicates;	 (3)	high	values	of	diversity	 indexes,	and	 (4)	 low	values	of	
error	rate	between	the	extraction	replicates.














sample.	 This	 strategy	 should	 be	 also	 used	 in	 research	 focused	 on	
finding	new	genes	encoding	proteins	or	genes	involved	in	resistance	
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was	very	unusual.	The	 sampling	 area	became	a	 landfill	 of	 phospho-
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